The long-term increase in Earth's temperature is known as the global warming or the greenhouse effect. Taking into account the fact that the ice age only involved a global temperature variation of around 4 0 C, it is clear climate change is arguably one of the greatest environmental threats the world is facing today. The impacts of disruptive change leading to catastrophic events such as storms, droughts, sea level rise and floods are
Introduction
The accelerating use of fossil fuels since the Industrial Revolution and the rapid destruction of forests cause a significant increase in greenhouse gases.
The increasing threat of global warming and climate change has been the major, world-wide, on-going concern especially in the last two decades. The impacts of global warming on the world economy have been assessed intensively by researchers since the 1990s. World-wide organizations, such as the United Nations, have been attempting to reduce the adverse impacts of global warming through intergovernmental and binding agreements. The
Kyoto protocol is such an agreement that was signed in 1997 after immense discussions. It is a protocol to the United Nations Framework Convention on 3 Climate Change (UNFCCC) with the objective of reducing greenhouse gases (GHG) that cause climate change. The Kyoto protocol identifies constraints to environmental pollutants and requires a timetable for realizations of the emission reductions for the developed countries. It demands the reduction of GHG emissions to 5.2% lower than the 1990 level during the period [2008] [2009] [2010] [2011] [2012] . However it is clear that future global emission reductions will require substantial efforts in future emission control by all countries, going far beyond the type of reduction currently applied to developed countries in the Kyoto Protocol.
The article is organized as follows. The next section provides an overview of Kyoto Protocol and its implementation so far. Section three presents Turkish case. The last section concludes.
Kyoto Protocol and the Progress So Far
In consequence of widespread increase in the emission of greenhouse gases some international steps have been taken. As an important first step, the UN Conference on Environment and Development was held in Rio de Janeiro in 1992 and formed the UNFCCC to protect the Earth's climate system against the effects of greenhouse gases and global warming. Under the UNFCCC, the so-called Annex-I countries committed, on a voluntary basis, to limit their gaseous emissions to 1990 levels. The OECD and EU countries further joined to form the Annex-II bloc and agreed to provide technical and financial assistance to those countries that remained outside the Annex-I to aid their environmental policies to reduce greenhouse gas emissions. As can be seen in both figures, the future growth (let alone a decrease) in greenhouse gas emissions is expected to originate from developing countries 8 in the next decades and therefore any effort to reduce the emissions should include those countries.
Turkish Case

Climate change and Turkey
Turkey's total CO 2 emissions amounted to 304.47 million tons (Mt) in 2007.
Emissions grew by 36% compared to 2000 levels and by 118% compared to 1990 levels. Table 1 presents total GHG emissions in Turkey from 1990 to 2007 (Turkstat, 2009 ). Oil has historically been the most important source of emissions, followed by coal and gas. Oil represented 45% of total emissions in 2004, while coal represented 40% and gas 15%. The contribution of each fuel has however changed significantly owing to the increasingly important role of gas in the country's fuel mix starting from the mid-1980s (Kaygusuz, 2009 ).
[ Table 1 goes here ] According to recent projections, TPES will almost double between 2004 and 2020, with coal accounting for an increasingly important share, rising from 24% in 2004 to 36% in 2020, principally replacing oil, which is expected to drop from 40% to 27%. Such trends will lead to a significant rise in CO 2 emissions, which are projected to reach nearly 600 Mt in 2020, about two times of 2007 levels (Kaygusuz, 2009). 9 In 2007, energy production was the single most important source of GHGs in Turkey, representing 77.4% of the total. The waste disposal was the second largest, representing 8.5% of total emissions, followed by industry and agriculture, which represented 7% each. Since 1990, emissions from energy production have fluctuated between 72% and 77%. Simultaneously, the share of emissions from industry sector was between 7% and 10%. Table 2 presents total GHG emissions in Turkey by sector from 1990 to 2007 (Turkstat, 2009 ).
[ Table 2 goes here ] Per capita CO 2 emissions were at 3.3 tons in 2003, much lower than the OECD average of 11.1 tons and EU-25 average of 9 tons. Table 3 [ (Elzen et al., 2005) . As can be seen in the figure, the regional abatement costs differ largely across the various regimes and regions. Differences between regions can partly be explained by the diversity in regional volumes traded and associated financial flows and by the differences in regional GDP. A relatively low GDP combined with high net costs can result in a higher effort rate.
[ Figure 3 goes here ] Studies carried out by Turkish government show that it may be possible to reduce peak energy demand (and thereby CO 2 emissions) by using demand side management (DSM) and energy efficiency. However, especially increasing efficiency requires some investment in the improvement of appliances and infrastructure. The estimated total cost for this investment is calculated to be approximately 100 million TL ($65 million) annually, from the year 2008 to the year 2020. Table 4 and Table 5 present official estimates of the changes in emissions without and with DSM measures. Figure 5 illustrates them (Ministry of Environment and Forestry, 2007) .
[ Table 4 goes here ]
[ [ Table 6 goes here ]
Turkey also has a number of features that suggests it would be possible to considerably moderate the growth of GHGs with little or even no cost. The proportion of energy derived from carbon-intensive coal and lignite is one of the highest in the world, reflecting ample reserves of lignite, while a completely liberalized market in natural gas has not existed. Most GHG emissions in Turkey come from electricity generation sector that has been a largely state-owned industry operating under non-commercial criteria. Table   7 presents ranges of GHG emissions per kWh electricity by fuel type (Dones et al., 2003) . As can be seen in the table, GHG emissions per unit of generated electricity are typically highest for industrial gas, followed by lignite, hard coal, oil, and natural gas. Hydro exhibits very low GHG emissions, in most cases two orders of magnitude lower than coal. However, hydroelectric developments may emit during operation between 5 and 20 16 times more GHGs, which at the higher range is comparable to emissions from fossil sources. Taking into account full energy chain contributions, GHG emissions from nuclear and wind energy (under favorable wind conditions) are in the same low range as typical for hydro. The corresponding net emissions for biomass are in the middle range (i.e., one order of magnitude lower than coal and one order of magnitude higher than nuclear and wind).
So a reorganization of fuel input into energy industry may present many opportunities to reduce GHG emissions in Turkey.
[ Table 7 goes here ]
Among all Annex I countries, Turkey has the highest rate of increase in GHG emissions since 1990 (119%) and is the 25 th largest carbon emitting country in the world (see Table 2 ). Also with sharp contrast with the recent decision to ratify Kyoto, 47 new coal power plants are currently being planned or are under construction in Turkey. If these plans become a reality, Turkey's total emissions will increase by 50 percent in the coming few years.
An examination of Turkish policies to mitigate GHG emissions reveals that
Turkish current/future strategy stands on four pillars (Article 16):
1. increasing the use of renewable energy, 2. decreasing the energy losses, 3. improving the fuel quality, 4. using the technology preventing the GHG.
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The energy sector in Turkey is dependent on fossil resources. The share of the fossil resources in total electricity consumption was 85% in 2005. The main fossil resources are petroleum and coal. Also natural gas use clearly increased especially after 1995. Although Turkey has a significant coal potential, about 90% of this potential is low-calorie lignite. This reserve is mostly used in thermal power plants as fuel. The risk of climate change due to emissions of CO 2 from fossil fuels may be considered to be the main environmental threat from the existing energy system. Therefore, Turkey currently tries to increase the usage of renewable energy sources. For this aim, the government encourages the usage of renewable energy source.
In order to decrease energy losses, Turkey strives for upgrading of power transmission lines, promoting the diffusion and efficiency of central heating systems, increasing the use of process energy such as co-generation systems, supporting energy-efficient technology transfer in energy field and upgrading of techniques for energy consumption in buildings.
For improving the fuel quality, scientific founding for the work regarding increase in fuel quality is promoted. Besides, Turkey tries to establish cooperation between industry and universities with regard to fuel and combustion efficiency.
Encouraging the development of techniques that increase energy efficiency and the use of high-efficiency low-emission stove and boiler systems may prevent the release of some GHG emissions. Therefore, Turkey encourages the scientific research and development of the usage of emission trappers in 18 fuels and tries to decrease GHG emissions by technical efficiency improvements of existing power stations.
As we all know, the main source of global warming is emissions of greenhouse gasses (GHG), and the main source of GHG emissions is believed to be energy consumption. Therefore, reducing energy consumption will also decrease the emission levels. In short, at the heart of the issue is an energy system based on fossil fuels that is mainly responsible for GHG emissions. However, it is not a simple matter of applying energy conservation methods, since energy consumption may have important effects on economic growth. Due to these presumed links between GHG, energy consumption and economic growth, it is widely believed that decreasing carbon dioxide (CO 2 ) emissions to the Kyoto targets would also reduce the growth of GDP.
In other words, emission reduction requires energy conservation which hinders economic growth assuming that there is a causal relationship from energy consumption to CO 2 emissions and real income. Because of these presumed links, many countries (including Turkey) are hesitant to keep with Kyoto targets. However, there is abundant number of empirical studies, employing diverse methods, conducted in several countries, which point out that the link between energy consumption, income and CO 2 may not be unique. Therefore, investigating the temporal relationship between energy use, CO 2 and income in countries separately may be necessary.
It is clear that Turkey has been late in participating in the United Nations
Framework Convention on Climate Change and in ratifying the Kyoto Protocol. Turkey can no longer become a "party" to the protocol so it has now 19 "acceded" to it. Signing the Kyoto Protocol does not put an additional burden on Turkey until 2012. Turkey was not a party to the convention adopted in 1992 when the Kyoto Protocol was negotiated, and it is not currently included in the agreement's Annex-B, which includes 39 countries that are obliged to reduce their greenhouse emissions to 1990 levels between 2008 and 2012.
Ratification gave Turkey the right to get involved in climate change decisions after 2012. Now, Turkey has the opportunity to become a partner in the processes of constructing a global climate change regime, which it had missed in the 1990s.
The implementation of market-based reforms in Turkish electricity sector offers the possibility of significant improvements in economic efficiency and a reduction in the rate of growth of GHG emissions. Such reforms have been mooted for many years and have run into considerable barriers, not the least of which is the need for a realistic pricing strategy. Also, the recent expansion of the hard coal industry needs to be rolled-back; restrictions on the import of natural gas should be lifted through the transfer of gas import rights to potential new-competitors and the restructuring and privatization of the national gas company (i.e. BOTAS) should be completed as soon as possible. Renewable energy and nuclear energy have a role to play in GHG reduction policy too. Mini-hydro and windmills are the most promising and offer an attractive GHG mitigation. Also, cogeneration in industry and improved technical efficiency in the power sector appear to be clearly essential ingredients of future climate change policies. In the area of hydropower, the expansion of capacity needs to balance the benefits from a lowcost low-emission source of energy against possible environmental and 20 social costs. Overall, the current thrust for market policies point towards a slowing in the growth of CO 2 emissions.
In point of fact, Turkey's accession to the protocol seems to be a part of its years-old efforts to join the EU to seek the economic and political benefits offered by EU membership. It is obvious that joining Kyoto is mainly a symbolic move for Turkey at this point, as it will have no quantified emissions requirements until 2012. What is more striking is that Turkish Ministry of the Environment has lacked sufficient authority to enforce environmental legislation and the majority of public officials are unaware of requirements in environmental protection legislation.
Up to now, the general approach of Turkey's energy policy has been highly supply-oriented, with emphasis placed on ensuring additional energy supply to meet the growing demand, while reducing GHG emissions has been a lower priority, if any. However, faced with the consequences and costs of inaction, many governments have reached a consensus internationally that global emissions need to be cut significantly. Countries are working towards an international framework for action, with the aim of reaching agreement at the UN Climate Change Conference to be held in Copenhagen in December 2009. There would most certainly be some burdens introduced by Kyoto, but benefits outweigh them. Therefore, now, the best policy for Turkey is to show the world that its move is a serious policy change (not simply a political maneuver) by reducing greenhouse emissions immediately. Besides, Turkey should start to follow a more active environmental policy and introduce new policy instruments such as additional pollution taxes, emission taxes, 21 emission trading and permits, and abatement investments towards reduced energy intensities. Since currently it is not obvious whether Turkey will be a buyer or seller in carbon trade, no one can predict the actual cost of Kyoto terms for Turkey though cost of non-implementation of Kyoto terms are obvious. Unless Turkey starts to take some measures to reduce its GHG emissions, it will face with an extremely disadvantageous position after 2012. 
